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A 47-year-old man with drug-resistant paroxysmal atrial ﬁbrillation underwent left atrial (LA) catheter
ablation. After sheaths were inserted into the LA using the Brockenbrough method, he complained of angina
and developed ST-segment elevation in the II, III, aVF, V5, and V6 leads. Ventricular ﬁbrillation (VF) occurred
followed by ventricular tachycardia. The VF was successfully treated with direct current shock. Coronary
angiography with isosorbide dinitrate showed neither spasm nor embolism in the coronary artery. The chest
pain disappeared after 6 min with resolution of the ST-segment elevation. A summarized review of ST-
segment elevation associated with transseptal puncture disclosed that ST-segment elevation is often found
in inferior leads (87.5%), while concomitant bradyarrhythmia has been reported in 43.8% of patients. Our
patient is the ﬁrst recorded case with potentially lethal tachyarrhythmia. Although ST-segment elevation and
VF is a rare complication associated with transseptal puncture, awareness of this complication is important.
& 2013 Japanese Heart Rhythm Society. Published by Elsevier B.V. All rights reserved.1. Introduction
The transseptal left atrial (LA) approach is a fundamental
method for LA catheter ablation [1,2]. ST-segment elevation on
electrocardiography (ECG) associated with transseptal puncture has
been recognized as a rare complication [3–11]. Here, we describe a
case of ventricular ﬁbrillation (VF) following angina and ST-segment
elevation shortly after transseptal puncture but before the radio-
frequency energy application. Additionally, we reviewed the litera-
ture on ST-segment elevation associated with transseptal puncture.1.1. Case report
A 47-year-old man with drug-resistant paroxysmal atrial ﬁbril-
lation underwent pulmonary vein isolation. The patient had
dyslipidemia (low-density lipoprotein cholesterol, 147 mg/dL;
high-density lipoprotein cholesterol, 50 mg/dL) and a history of
smoking (20 cigarettes per day for 20 years). However, he had no
history of any ischemia-related symptoms, hypertension, diabetes
mellitus (fasting plasma glucose, 92 mg/dL; hemoglobin A1c,
5.6%), or chronic kidney disease (estimated glomerular ﬁltration
rate, 78.8 mL/min/1.73 cm2). Twelve-lead ECG during sinus rhythmt Rhythm Society. Published by Els
+81 23 628 5305.
jp (T. Arimoto).showed no ST-T abnormalities, QT prolongation, or Brugada-type
ECG (Fig. 1A). The cardiothoracic ratio was 42.8%, without
pulmonary congestion on chest X-ray. No structural heart disease
was found on transthoracic echocardiography (LA dimension,
33 mm; left ventricular ejection fraction, 57%), and the patient's
B-type natriuretic peptide level was 19.2 pg/mL. No LA thrombus
was conﬁrmed by transesophageal echocardiography.
After written informed consent was obtained, LA catheter ablation
was performed. Intravenous heparin was administered to maintain an
activated clotting time of 300–350 sec during the entire procedure.
Two long sheaths, an 8-Fr sheath and an 8.5-Fr sheath (FastCathTM
SwartzTM SR0; St. Jude Medical, St Paul, MN, USA), were inserted into
the LA through the atrial septum using a single transseptal puncture
[12]. Shortly after the LA approach was performed, the patient
complained of angina with signiﬁcant ST-segment elevation in the
II, III, aVF, V5, and V6 leads (Fig. 1B). Two min later, ECG showed
ventricular tachycardia that then changed to VF (Figs. 1C and D),
which was successfully treated with direct current shock. Bradycardia-
induced QT prolongation and torsade de pointes were not conﬁrmed
during ST-segment elevation. Immediately after the intracoronary
injection of isosorbide dinitrate (ISDN), coronary angiography during
the ST-segment elevation revealed no signiﬁcant stenosis, air embo-
lisms, or thromboembolisms in the coronary arteries (Fig. 2).
The patient's chest pain disappeared after 6 min as ST-segment
elevation was restored. After normalization of the 12-lead ECG was
observed, extensive pulmonary vein isolation was successfullyevier B.V. All rights reserved.
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Fig. 1. (A) Twelve-lead electrocardiogram at baseline, (B) shortly after transseptal puncture, the patient complained of angina with signiﬁcant ST-segment elevation in the II,
III, aVF, V5, and V6 leads, (C) ventricular tachycardia occurred 2 min later. Bradycardia-induced QT prolongation and torsade de pointes were not conﬁrmed during the
ST-segment elevation, (D) ventricular tachycardia changed to ventricular ﬁbrillation.
Fig. 2. Coronary angiography showing the cranial 301 projection of the left coronary artery (left panel) and right coronary artery (right panel). No signiﬁcant stenosis, air
embolism, or thromboembolism was conﬁrmed within the coronary arteries.
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sorbide mononitrate, rosuvastatin, and warfarin and has done well
with no recurrence of atrial ﬁbrillation or chest pain. A dose of
only 2.5 mg/day of rosuvastatin was given to control the dyslipi-
demia during the 18-month follow-up period.1.2. Clinical features of earlier reports
The data of a total of 16 patients, including 15 previously
reported patients and our patient (14 men, 5579 years), who had
ST-segment elevations associated with transseptal punctures are
D. Ishigaki et al. / Journal of Arrhythmia 29 (2013) 296–299298summarized in Tables 1 and 2. ST-segment elevation during
transseptal puncture was observed in only 1 patient (6.3%). In this
patient, repeated compression of the fossa ovalis by sheath
catheter was performed [3]. Most of the cases of ST-segment
elevation (15/16; 93.7%) occurred after transseptal puncture and
prior to the end of the procedure. Among them, 4 patients and our
patient (33.3%) demonstrated evidence of ST-segment elevation
prior to the start of the catheter ablation, while 4 patients (26.7%)
experienced it during radiofrequency ablation. It occurred after the
end of the procedure in only 1 patient (6.3%) [6].
In 14 of the 16 patients (87.5%), ST-segment elevation was
conﬁrmed in the inferior leads. Although ST-segment elevations are
usually resolved within 10 min, only 1 case with coronary throm-
boembolism had ST-segment elevation that persisted for several
hours [9]. Abnormal coronary angiographic ﬁndings including slow
ﬂow and focal occlusion were observed in 2 patients (12.5%). Sinus
bradycardia was seen in 4 patients (25%), sinus arrest was seen in
1 patient (6.3%), and a complete atrioventricular block was seen in
2 patients (12.5%). With the exception of our patient, no tachyar-
rhythmia occurred during LA catheter ablation. Nitrate (11/16; 68.8%),
a calcium channel blocker (2/16; 12.5%), and atropine (2/16; 12.5%)
were administrated to resolve these complications. Some authors
have proposed that autonomic imbalance-mediated coronary vasos-
pasm is the mechanism behind this phenomenon [5–8,10], whereas
others have suggested coronary artery hypoperfusion due toTable 1
Review of case reports of ST-segment elevation associated with transseptal puncture (b
Authors No. Age Gender Type Situation
Arita et al. [3] 1 40 M Paf During TSP
2 54 M Caf After TSP, B
Simon and Gill [4] 3 50 M Paf After TSP, D
4 56 M AFL After TSP, B
5 57 M Caf After TSP, D
Schwab et al. [5] 6 42 F Paf After TSP, D
7 45 M Paf After TSP, D
Tada et al. [6] 8 63 M Paf After RFCA
Risius et al. [7] 9 44 M Paf After TSP
10 59 M Paf After TSP
11 62 F Paf After TSP
12 65 M Paf After TSP
Efremidis et al. [8] 13 65 M Paf After TSP
Michael et al. [9] 14 59 M Paf After TSP, B
Le et al. [10] 15 71 M Paf After TSP, B
Our case 16 47 M Paf After TSP, B
Abbreviations: AFL, atrial ﬂutter; Caf, chronic atrial ﬁbrillation; F, female; M, male; Paf, pa
puncture.
Table 2
Coronary angiography, medication, other events, and mechanism.
Authors No. Coronary angiography Medic
Arita et al. [3] 1 － Atropi
2 － Atropi
Simon and Gill [4] 3 － Nitrate
4 Slow ﬂow Nitrate
5 － Nitrate
Schwab et al. [5] 6 － Nitrate
7 － CCB
Tada et al. [6] 8 － Nitrate
Risius et al. [7] 9 － Nitrate
10 － Nitrate
11 － Nitrate
12 － Nitrate
Efremidis et al. [8] 13 － (not a
Michael et al. [9] 14 Focal occlusion Opiate
Le et al. [10] 15 － Pheny
Our case 16 － Nitrate
Abbreviations; AVB, atrioventricular block; CCB, calcium channel blocker; i.c, intra-corovasodilation by Bezold–Jarisch-like reﬂexes [3], coronary vasospasm
induced by radiofrequency ablation [4], or thrombus [9] as the cause.2. Discussion
Here, we experienced a case of an unusual complication of
angina with ST-segment elevation followed by VF shortly after
transseptal puncture. The VF was treated with direct current shock
and the ST-segment elevation disappeared after intracoronary
ISDN administration. Subsequent extensive pulmonary vein isola-
tion was performed successfully.
To clarify the cause of this rare complication, we must consider
several mechanisms. Air or a thrombus coronary embolism should
be considered as the etiology of ST-segment elevation and VF.
However, we handled the sheaths carefully, especially after trans-
septal puncture, and we irrigated them continuously with hepar-
inized saline as detailed in earlier reports [4,5,8]. Immediately
after the intracoronary injection of ISDN, coronary angiography
during ST-segment elevation revealed no signiﬁcant stenosis, air
embolism, or thromboembolism in the coronary arteries. This
supports the fact that the etiology of ST-segment elevation was
not caused by a thrombus coronary embolism.
Only 1 case report of thromboembolism and ST-segment
elevation during LA catheter ablation has been published [3].asic data).
ST-segment elevation Duration of ST-segment elevation
II, III, aVF –
efore RFCA II, III, aVF –
uring RFCA II, III, aVF Several minutes
efore RFCA I, aVL, V3–V6 Several minutes
uring RFCA II, III, aVF, V1–V5 Several minutes
uring RFCA II, III, aVF 5–10 min
uring RFCA II, III, aVF 5–10 min
II, aVF, V5, V6 Several minutes
II, III, aVF 5 min
II, III, aVF, V2–V4 22 min
II, III, aVF 4 min
II, III, aVF 4 min
II, III, aVF, V1 30 min
efore RFCA I, aVL Several hours
efore RFCA II, III, aVF 4 min
efore RFCA II, III, aVF, V5, V6 6 min
roxysmal atrial ﬁbrillation; RFCA, radiofrequency catheter ablation; TSP, transseptal
ation Other event Possible mechanism
ne Sinus bradycardia Hypoperfusion
ne, Norepinephrine Sinus bradycardia Hypoperfusion
－ Vasospasm
(i.c.) － Vasospasm
(i.c.) － Vasospasm
Complete AVB Vasospasm
－ Vasospasm
, CCB － Vasospasm
Sinus arrest Vasospasm
－ Vasospasm
Sinus bradycardia Vasospasm
－ Vasospasm
vailable) Complete AVB Vasospasm
, Nitrate － Thromboembolism
lephrine Sinus bradycardia Vasospasm
(i.c.) VF Vasospasm
nary injection; VF, ventricular ﬁbrillation.
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the coronary artery irrespective of intravenous nitrate administra-
tion. In addition, normalization of the ST-segment elevation was
observed after a few hours. On the other hand, in earlier reports of
coronary vasospasms during LA catheter ablation, the ST-segment
elevation resolved within 30 min [4–8,10,11]. In our case, complete
resolution of the ECG changes was conﬁrmed after 6 min.
It is impossible to deny the possibility of transient air embolism-
induced coronary vasospasm in our patient. Natale et al. observed a
potentially life-threatening ST-segment elevation during pulmonary
vein isolation using a through-the-balloon circumferential ultra-
sound ablation system in a catheter feasibility trial [11]. The authors
attributed this effect to a coronary vasospasm triggered by an air
embolism. This condition resolved spontaneously within 1 min.
Most coronary air embolisms induce ST-segment elevation in the
right coronary artery because the origin of the right coronary artery
is located more anteriorly to the heart than that of the left coronary
artery. Indeed, in 14 of the 16 patients (87.5%) including our patient,
the ST-segment elevation was conﬁrmed in the inferior leads
(Table 2).
Arita et al. reported that the mechanism of ST-segment eleva-
tion in inferior leads is right coronary artery hypoperfusion due to
vasodilation by Bezold–Jarisch-like reﬂexes that are induced by
stimulation of the ganglia in the intra-atrial septum during
transseptal puncture and extension [3]. Some authors have pro-
posed that manipulation of the ganglion plexuses by transseptal
puncture causes autonomic innervation imbalances that lead to
coronary vasospasm and ST-segment elevation [5–8,10]. Seven of
the 16 patients (43.8%) reviewed here had concomitant bradyar-
rhythmias such as sinus bradycardia, sinus arrest, and complete
atrioventricular block. Although neither bradyarrhythmia nor
hypotension was observed during the ST-segment elevation in
our patient, a neutrally mediated pathway activated by the
mechanical effects of transseptal puncture on the interatrial vagal
network may be one of the causes of coronary vasospasm and
these ECG ﬁndings. Because our patient had dyslipidemia and a
history of smoking, he may have had an injured coronary
endothelium and coronary vasospasm. Unfortunately, we could
not conﬁrm the suspected coronary vasospasm in our patient.
When ST-segment elevation and VF occurred, we could not per-
form coronary angiography without ISDN. Acetylcholine could not
be administered because he did not consent to the test at a
later date.3. Conclusion
On the basis of our medical literature review and the nature of
our case, transient coronary artery air embolism-induced coronaryvasospasm and/or an autonomic innervation imbalance-related
coronary vasospasm may be related to ST-segment elevation
followed by VF. However, coronary artery thromboembolism
should always be considered the differential diagnosis in these
complications. Although ST-segment elevation and VF are rare
complications associated with transseptal puncture, awareness of
these complications is important. When performing transseptal
catheterization, it is necessary to be prepared to perform immedi-
ate electrical cardioversion. Our experience and that of others
suggests that transient ST-segment elevation should not preclude
continuation of the ablation procedure.Conﬂict of Interest
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